Purpose: This study was designed to evaluate the efficacy of medical treatment of Peyronie's disease.
INTRODUCTION
Peyronie's disease is a localized connective tissue disorder that involves tunica albuginea of the penis [1] . Peyronie's disease may present signs and symptoms including penile curvature, pain on erection, erectile dysfunction, and plaque formation. Studies of the prevalence of Peyronie's disease have determined ranges from 0.7% to 9.0% of men [2] [3] [4] . Peyronie's disease mainly affects those in their sixties and seventies. The actual prevalence of Peyronie's disease is considered to be higher because of patients' reluctance to visit a clinic to diagnose and treat this condition.
There are conservative, non-surgical options and surgical options for the treatment of Peyronie's disease. The surgical option remains the most effective treatment [5, 6] . However, surgical correction cannot be recommended for all patients at time of first visit, particularly for those who are elderly.
To be a surgical candidate, the patient's disease should be stabilized, with no pain and no aggravation of penile curvature for at least 3 months. The patient's desire for active intercourse is also important, as the primary aim of surgery is to allow satisfactory intercourse by correcting the curvature [6] . Therefore, we believe that the primary goal of conservative management is to preserve or improve the ability to have successful sexual intercourse by improving the curvature or preventing it from worsening. In practice, most patients are asked to follow a course of medical treatment for at least 6 months.
Various oral medical agents have been tested for treatment of Peyronie's disease, including vitamin E (tocopherol), oral colchicine, potassium para-aminobenzoate, tamoxifen, L-carnitine, and phosphodiesterase type 5 (PDE5) inhibitors.
Potassium para-aminobenzoate (Potaba; Glenwood, LLC, Englewood, NJ, USA) was approved as a treatment option for Peyronie's disease in 1959 by the United States Food and Drug Administration, and became commercially available in South Korea from 2011 [7] . Tamoxifen is reported to be effective for decreasing pain and plaque size in Peyronie's disease, although some studies reported no efficacy over placebo group [8, 9] . L-carnitine, the natural precursor of acetylcholine, is reported to decrease pain and inhibit the progression of Peyronie's disease. It is relatively safe, with rare adverse events [10] . PDE5 inhibitors are widely used drugs for the treatment of erectile dysfunction. PDE5 inhibitors also have shown preventive and corrective effects in rat models of Peyronie's disease. Some studies reported that PDE5 inhibitors might have beneficial effects on Peyronie's disease in men [11, 12] . However, no traditional single-or dual-agent therapy has proven to have definite efficacy for Peyronie's disease to date.
We treated patients with Peyronie's disease with potassium para-aminobenzoate therapy or combination therapy consisting of tamoxifen, L-carnitine, and a PDE5 inhibitor. We retrospectively reviewed and analyzed the efficacy of these treatments in Peyronie's disease.
MATERIALS AND METHODS
After the Institutional Review Board of Korea University Guro Hospital approved the study protocol, we retrospectively reviewed the medical records of Peyronie's disease in our clinic from January 2011 to December 2014. A total of 109 patients with Peyronie's disease were treated with either potassium para-aminobenzoate or combination therapy. Forty-four patients (Group 1) received 3 g of potassium para-aminobenzoate (500 mg capsule) four times daily. Sixty-five patients (Group 2) received treatment with 20 mg of tamoxifen and 330 mg acetyl-L-carnitine twice daily in addition to a PDE5 inhibitor (tadalafil, 5 mg once daily). Every patient was instructed to take vitamin E daily.
We evaluated the history of underlying disease in the patients, the subjective pain during erection using a visual analogue scale (0: no pain, 5: moderate pain, 10: worst pain), the plaque size, and the degree of penile curvature. The maximal longitudinal length of plaque size was measured (in mm) with penile ultrasonography. The degree of the penile curvature angle was measured with a protractor. These measurements were performed during erection induced by prostaglandin E1 (10 to 20 μg). All patients were questioned as to ability to perform sexual intercourse, vaginal penetration, and erection maintenance.
Treatment duration was at least 3 months and the follow-up duration was at least 12 weeks after active therapy. After treatment for 6 months, we assessed and analyzed the treatment outcomes.
Primary treatment goal was assessed by feasibility of sexual intercourse despite residual curvature. Occurrence of side effects and dropout rate at the time were also investigated. Thirty percent or more reduction in the degree of angle was defined as a response in penile curvature.
We compared those responses between the treatment groups with the Student's t-test for a continuous, parametric variable; we used a chi-square and Mann-Whitney U-test for other variables. IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA) was used for statistical analysis. A p-value less than 0.05 was considered significant.
RESULTS

Baseline characteristics
The mean age of each group was 57.8±9. 4 The differences in baseline characteristics between the treatment groups were not significant (Table 1) .
Dropout
During the treatment, a total of 35 patients (32.1%) aborted the therapy within 12 weeks. Thirty of 44 patients (68.2%) in Group 1 (potassium para-aminobenzoate) discontinued therapy: 11 patients (36.7%) for gastrointestinal distress; 10 patients (33.3%) due to too many drugs; 6 patients (20.0%) due to little or no effectiveness; and 3 patients (10.0%) due to relatively high cost ( Table 2) .
In Group 2, 5 patients (7.7%) discontinued therapy within 12 weeks: 2 patients (40.0%) due to gastrointestinal distress; 2 patients (40.0%) due to high cost; and one patient (20.0%) due to too many drugs. Dropout and loss of follow-up rate for Group 1 was significantly higher than Group 2 (p＜0.001).
A total of 13 patients, 5 patients (5/14, 35.7%) in Group 1, and 8 patients (8/60, 13.3%) in Group 2, received surgical correction for dissatisfaction despite medical treatment (p=0.048).
Clinical outcomes
After the exclusion of the 35 patients who dropped out, Table 3) .
The response rate in regard to penile curvature angle did not change by treatment (p=0.154). Combination therapy appeared to show a better result than potassium para-aminobenzoate therapy in terms of improved curvature in the subgroup whose penile angle was less than 30 o (44.4% vs. 79.1%, p=0.048). There was no significant difference in regard to decreased plaque size (p=0.468).
DISCUSSION
In this study, we evaluated the efficacy of potassium para-aminobenzoate monotherapy vs. combination therapy consisting of tamoxifen, L-carnitine, and a PDE5 inhibitor for the preoperative treatment of Peyronie's disease in terms of tolerable sexual intercourse as primary endpoint and secondary endpoints such as improvement of pain, penile angle, and plaque size.
Potassium para-aminobenzoate (Potaba) is believed to have an antifibrotic effect by decreasing the concentration of serotonin, which contributes to fibrogenesis [7] . Since Zarafonetis and Horrax [7] first reported that potassium para-aminobenzoate demonstrated improvement of pain, penile angle, and plaque size, many studies have been conducted to confirm these data. Shah et al [13] reported in a prospective double-blind study that potassium paraaminobenzoate significantly reduced penile pain. Another double-blind, placebo-controlled study reported that potassium para-aminobenzoate decreased plaque size significantly but was not effective for penile curvature and penile pain [14] . Although potassium para-aminobenzoate could not improve preexisting penile curvature, it appears to be protective against deterioration of penile curvature.
The European Association of Urology guideline for penile curvature gives a grade B recommendation ('based on well-conducted clinical studies, but without randomised clinical trial') of potassium para-aminobenzoate to reduce penile plaque size and pain in Peyronie's disease [6] . Potaba was introduced and permitted for use in Korea in 2011 for treatment of Peyronie's disease, and has gained popularity in recent years.
Unlike another study in which potassium para-aminobenzoate was reported to cause fewer side effects [14] , we observed many adverse events and poor compliance. While the study demonstrated a 7.8% dropout rate for adverse events, our study showed that two-thirds of patients aborted therapy, 36% of which was due to gastrointestinal distress after taking drugs. Excessive frequency and number of doses also contributed to poor compliance. We used potassium para-aminobenzoate only temporarily, due to poor compliance. Although we cannot be certain why the rate of adverse events in our study is so high, considering that other studies about the efficacy of potassium para-aminobenzoate have been based on non-Asian populations, the ethnicity of the patients may be a related factor. We speculate that the efficient therapeutic dosage of potassium para-aminobenzoate may be different in Asian people or some ethnicities in Asia, such as the Koreans studied here. We suggest that further research may be needed to determine a way of lowering the adverse event rate and the sufficient therapeutic dosage for people of Asian origin.
Tamoxifen inhibits the release of transforming growth factor alpha and beta from human fibroblast, which leads to reduced inflammatory response in lesions and reduced plaque size through the inhibition of angiogenesis and fibrogenesis [15] . Ralph et al [8] first reported that tamoxifen is effective for Peyronie's disease in 1992. In their study, 80% of patients showed the resolution of pain and 34% of patients reported reduced plaque size. However, a recent placebo-controlled study reported that tamoxifen demonstrated no therapeutic advantage over a placebo-control group [9] .
Acetyl-L-carnitine is the natural precursor of acetylcholine, which is normally synthesized in the human brain, liver, and kidney [16] . L-carnitine is reported to be relatively safe for its few side effects, except some occasional mild euphoria [10] . L-carnitine is hypothesized to prevent proliferation of fibroblast and collagenogenesis by reducing free radicals and intracellular calcium concentration. It also protects and restores cells with damage caused by inflammation and ischemia [17] . In a randomized comparison study of L-carnitine to tamoxifen, L-carnitine showed better improvement in penile pain and curvature angle than tamoxifen [16] . Cavallini et al [18] reported a study that oral L-carnitine plus verapamil injection reduced penile curvature and plaque size in comparison with oral tamoxifen plus verapamil injection. However, a recent study reported that neither L-carnitine monotherapy nor L-carnitine with vitamin E combination therapy showed a beneficial effect over a placebo group [19] .
PDE5 inhibitors are speculated to prevent plaque development and reduce its size through maintaining a high level of cyclic guanosine monophosphate in the target tissue, which has an anti-fibrotic effect [20] . Valente et al [11] reported that continuous administration of a PDE5 inhibitor to rats prevented the formation of fibrotic plaque and decreased plaque size. In the study, the PDE5 inhibitor stimulated the apoptosis of fibroblasts. In another study, the addition of tadalafil to extracorporeal shockwave lithotripsy (ESWL) resulted in a significantly better International Index of Erectile Function score and quality of life score than with ESWL therapy alone [21] .
It has been reported that 30% to 70% of Peyronie's patients may have erectile dysfunction [22, 23] . The decrease of rigidity and curvature, negative self-impression, and anxiety caused by Peyronie's disease may contribute to erectile dysfunction. In addition, Peyronie's disease may cause the development of negative hemodynamic instability. One study reported that penile vascular abnormality was observed in 76.5% of cases with Peyronie's disease [24] .
Levine and colleagues reported that 98.9% of patients with Peyronie's disease complained of a decrease in erectile capacity occurring before and after the onset of the disease, and 58.5% patients sought treatment for erectile dysfunction [25] . In the study, the author treated patients with sildenafil citrate and 70.8% of patients were satisfied with the treatment. The author was concerned about the deterioration of the disease due to minor trauma during intercourse. However, no patients showed worsening of penile deformity or an increase in penile pain. Despite the potential risk of coital trauma to the penis, considering this study, a PDE5 inhibitor appears to be safe. It seems that more active use of a PDE5 inhibitor in Peyronie's disease may be justifiable.
In this study, we aimed to analyze and compare our experience of oral drug therapy in the treatment of Peyronie's disease. We hypothesized that combination drug therapy, covering each different mechanism of drug action, may be more effective to ameliorate or prevent deterioration of the disease. Although not all treatment outcomes have beneficial effects, combination therapy showed better results with regard to some factors. The results of our study suggest that combination therapy has a more beneficial effect in regard to successful sexual intercourse over potassium para-aminobenzoate therapy. Regarding the penile curvature response rate, combination therapy did not have beneficial effects over potassium para-aminobenzoate therapy in all patients. However, combination therapy appears to produce a better response in those patients whose curvature angle is mild, particularly when it is less than 30 o . This could be noteworthy, for it suggests that early treatment may lead to better results. Combination therapy also improved the ability to perform sexual intercourse successfully, thus making surgical correction less of a necessity. In fact, we observed a significantly lower rate of surgical correction after medical therapy in the combination therapy group. We conjecture that this may have been due to increased sexual self-confidence and actual hemodynamic improvement in the penis, caused by the PDE5 inhibitor.
Our study has some limitations. Because it is a retrospective and non-randomized study, treatment selection of this study may be biased by the preference of the patient or the severity of the symptoms. The power of analysis may also be limited for lack of sufficient sample size. Furthermore, our study lacks a placebo group, thus making it difficult to recognize the real impact of drug therapy. Considering the natural course of Peyronie's disease, however, which usually shows no change or worsens without treatment, it was difficult to arrange a placebo-control group in clinical practice for ethical reasons.
In the future, a double-blind, randomized, prospective study with a greater sample size may be necessary. The reason for poor compliance with potassium para-aminobenzoate treatment, and ways of altering the dose and usage to cope with it, also need to be determined.
CONCLUSIONS
Potassium para-aminobenzoate monotherapy in Peyronie's disease showed a high adverse event rate and poor compliance. Combination therapy in the early stage of the disease may improve the treatment outcomes and decrease the need for surgical correction of Peyronie's disease.
